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Abstract 
This paper presents a novel technique of fabricating rear 45° micromirror which is located on the upper die to direct a vertical 
optical beam from the bottom die to propagate horizontally in the upper die. The fabrication of the 45° micromirror is based on 
anisotropic wet etching on (100) crystalline silicon surface. By using surfactant NCW-1002 in low concentration TMAH (2.5% 
to 10%) smooth (110) 45 ° micromirrors can be fabricated. Together with a suitable orientation of the back side etch window, 
this 45° micromirror provides the framework for fabricating the rear 45° micromirror.  
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1. Introduction 
Optical interconnects have great potential in replacing wire interconnects between stacked dies inside a package. 
[1],[2],[3],[4]. In order to achieve this optical interconnection, a pair of 45° micromirrors (one at each level) facing 
parallel to each other is needed to transmit the optical beam between the stacked layers, as shown in Figure 1.  
 
 
 
 
 
 
 
Figure 1: Optical interconnection between stacked dies 
 
The 45° micromirrors are fabricated under condition where the (100) plane etches faster than the (110) plane in 
suitable prepared wet anisotropic etching. Etchants such as EDP and KOH/IPA have been proved to achieve this 
condition [5]. Both ionized and non-ionized surfactants have been found to have a much stronger effect than IPA. 
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 Anisotropic etching behavior of TMAH with various surfactant additives in TMAH etching has been reported [6], 
[7], [8]. In this paper, we firstly show the etching behavior of NCW-1002 surfactant in low concentration TMAH 
and the formation of smooth 45° micromirrors on (100) orientation silicon wafer. Secondly, a novel technique for 
fabricating the rear 45° micromirrors is presented.  
 
2. Surface roughness and etch selectivity 
2.1 Experimental methods 
 
TMAH etching experiments were carried out on (100) and (110) orientation P-type silicon wafers with resistivity of 
1-20 Ω-cm. Each wafer had 0.35μm thermal oxide and patterned to open a 5mm x 5mm etching window. Samples 
were etched in four different TMAH concentrations of 10%, 7.5%, 5%, and 2.5%. Surfactants NCW-1002 was used 
in the etching experiments with concentration varied from 0.001% to 1% by weight. For each composition of 
TMAH and surfactant, a pair of (100) and (110) samples were etched in the same solution for 4 hours. Etch rate was 
determined by Dektak II measurements and the roughness was measured by AFM in the tapping mode.  
 
Previously reported technique [9] of successive removal of the overhanging oxide mask is used to extend the truly 
45° portion of the micromirror. Initially, a 1μm oxide etch mask is grown by thermal oxidation and patterned to 
allow the formation of mesa features. Wafer is etched in TMAH with surfactant for a fixed period and then dipped 
into the buffer HF solution for a timed etch to remove the overhanging oxide. HF will attack the oxide from both top 
and bottom side of the overhanging oxide, while it will only attack one side of the oxide on the mesa top. When the 
overhanging oxide is completely removed, mesa top is still covered with oxide but its thickness is reduced to half of 
its original thickness. 
 
2.2 Results and discussion 
 
We determine the selectivity between (100) and (110) plane by separately measuring etch rate on (100) and (110) 
silicon wafer surfaces. As shown in figure 2, for NCW-1002 concentration at 0.001% and above, the etch rate ratio 
R(100)/R(110) (etch selectivity) is greater than one, and can be applied to fabricate 45° micromirrors. Generally, 
selectivity decreases with decrease of TMAH concentration and increase of surfactant concentration.  
 
 
Figure 2: Selectivity between (100) and (110) planes. 
 
Since (110) silicon surface is used as a mirror plane, roughness measurements by AFM on the etched surface on 
(110) wafers are shown on figure 3(a) and (b). Generally, (110) plane roughness is reduced when the concentration 
of surfactant increases.  
 
Both mesa structures shown in Figure 4 (a) and (b) have been etched in the same etching solution by 5% TMAH 
with 1% NCW-1002 at 60 °C except that one of the samples was etched continuously whilst the other was taken out 
every 3 hours to remove the overhanging oxide. In total, both samples were etched for 12 hours. Figure 4(a) shows 
the sample that was etched continuously. It yielded a truly 45° portion of 6.5μm. Figure 4(b) shows the sample 
where the overhanging oxide was removed three times, yielding truly 45° portion of 10.7μm, about 50% 
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 improvement. The lateral portion at the top of the mesa reduced from 6.75μm to 2.98μm and the truly 45° portion 
extends towards the top part of the slope. 
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Figure 3: AFM measurements of surface roughness on the (110) plane. 
 
           
Figure 4: Cross sectional view of 45°slope (enlarge straight portion of 45°portion by reducing the effect of overhanging oxide). 
3. Fabricating rear 45° micromirror 
3.1 Experimental methods 
 
Fabrication steps of the rear 45° micromirror are shown in Figure 5 (a). Firstly, the 45° micromirror is fabricated on 
(100) wafer. Secondly, a thin layer of low stress SiO2 is deposited and followed by Ti deposition and patterning. 
Thirdly, a thicker low stress oxide is deposited. Fourthly, the rear mirror is formed by TMAH backside etch through 
the substrate where the square etch window edge is aligned to the <110> direction. Finally, the rear side of the 
micromirror is coated with a thin layer of aluminum. 
 
3.2 Results and discussion 
 
Figure 5 (b) shows the released top 45° micromirror nicely anchored by the supporting silicon block. The unusual 
shape of the micromirror is the result of the curved top and bottom portion of the mesa slope. This approach allows 
the fabrication of supporting silicon blocks to support the rear 45° micromirror. Clearly, the initial 45° micromirror 
provides the framework for fabricating the rear 45° micromirror. Optical interconnect test is conducted between two 
different layers. As shown on Figure 6, the optical signal is launched from a single mode optical fiber with 
collimating GRIN lens on the bottom wafer layer. Laser signal reflected from the top surface of the bottom 
45°mirror is then reflected from the rear surface of the top 45°micromirror successfully. The reflected laser light 
coming out of the top-layer fiber groove can be seen clearly in Figure 6.   
 
(b) 
45° 
(a) 
45° 
Increase of Surfactant 
Concentration 
Decrease 
TMAH 
Concentratio
2.5%
10%
0.001% 1% 
2.88nm (Ra) 
15.28nm (Ra) 
2.06nm (Ra) 
4.17nm (Ra) 
AFM Measurements on (110) plane 
1169Y. Wei Xu et al. / Procedia Chemistry 1 (2009) 1167–1170
         
(a)                                                                                        (b) 
Figure 5: (a) Fabrication of the rear 45° micromirror; (b) SEM image of rear mirror. 
             
Figure 6: Optical interconnect testing between two layers.  
4. Conclusion 
This paper reports a new surfactant NCW-1002 as an effective addictive in TMAH etching to achieve smooth 45° 
micromirrors on (100) silicon surface. A novel technique of fabricating rear 45° micromirrors is introduced. The 
rear mirror is located on the upper die. Hence, the optical signal reflected from the front surface of the lower 
micromirror is transmitted to the rear surface of the upper micromirror and then transmitted horizontally 
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Step 3: Rear mirror release by etching back through and Al coat on the mirror.
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